Objective To test the hypothesis that a longer duration of phase II cardiac rehabilitation is required to recover the exercise capacity of elderly patients compared to younger patients. Methods We retrospectively reviewed and analyzed the medical records of patients who were referred to our cardiac rehabilitation (CR) center and underwent percutaneous coronary intervention for acute myocardial infarction (AMI). A total of 70 patients were enrolled who underwent an exercise tolerance test (ETT) 3 weeks after the occurrence of an AMI (T0), 6 weeks after the first ETT (T1), and 12 weeks after the first ETT (T2). Patients older than 65 years were assigned to the elderly group (n=24) and those aged 65 years and younger to the younger group (n=46). Both groups performed center-based or home-based CR for 12 weeks (3 times per week and 1 session per day). Exercise intensity for each individual was based on the target heart rate calculated by the Karvonen formula. The change in maximal metabolic equivalents (MET max ) of the two groups was measured at each assessment point (T0, T1, and T2) to investigate the recovery of exercise capacity. Results The younger group showed improvement in MET max between T0 and T1. However, MET max of the elderly group showed no significant improvement between T0 and T1. The exercise capacity, measured with MET max , of all groups showed improvement between T0 and T2. Conclusion Elderly patients with AMI need a longer duration of CR (>6 weeks) than younger patients with AMI.
INTRODUCTION
Cardiac rehabilitation (CR) is known to improve the exercise capacity and health-related quality of life of patients, thereby reducing risk factors and mortality rates associated with cardiac diseases, such as acute myocardial infarction (AMI) [1] .
According to randomized clinical trials and metaanalyzes, CR has been shown to effectively promote functional recovery and improve exercise tolerance [2, 3] . It is known that exercise tolerance can be improved through participation in CR and is also effective in elderly patients with high or very high cardiovascular risk [4, 5] . Additionally, exercise-based CR programs were associated with improvement in physical performance such as peak oxygen consumption and distance walked in a 6-minute walk test. This was true even in older adults (aged 75 and older) who experienced an acute coronary event or had cardiac surgical intervention, particularly in those with poorer baseline performance [6] .
CR is composed of three major periods: phase I, phase II, and phase III. Among them, phase II CR begins after a symptom-limited full level exercise tolerance test (ETT) for patients with cardiac disease. This phase consists of an outpatient training phase with secondary prevention, intense education, and aerobic conditioning [7] .
However, the duration of phase II CR varies per study [8] . For example, in a recent review of CR guidelines, the recommended duration ranged from a minimum of 3 weeks in Germany to a maximum of 12 months in Austria [9] . Furthermore, the duration of phase II CR in Europe is between 3 to 14 weeks and averages 8 weeks. When outpatient rehabilitation was performed, the duration of phase II programs ranged from 7 to 26 weeks [10] .
What duration of CR is needed to be effective? Cardiac rehabilitation studies with more than two sessions per week for multiple weeks (from 2 to 28 weeks) improved the exercise capacity of patients with coronary artery disease [11] . The World Health Organization recommends phase II CR lasting 6 to 8+ weeks [9] . As seen in the literature, the optimal duration of phase II CR to improve aerobic capacity will vary depending on the patient's condition, and the basis for optimal duration is still lacking. There is also a lack of data for elderly AMI patients.
The purpose of this study is to test the hypothesis that a longer duration of phase II CR is required to recover the exercise capacity of elderly patients compared to younger patients.
MATERIALS AND METHODS
We retrospectively reviewed and analyzed the medical records of 286 patients, who were referred to our cardiac rehabilitation center after percutaneous coronary intervention, with AMI such as ST-elevation myocardial infarction (STEMI) and non-ST-elevation myocardial infarction (NSTEMI) between January 2011 and September 2017. Patients who underwent ETT three times at specific times were enrolled. Specific ETT times are defined as follows: 3 weeks after the occurrence of AMI (T0), 6 weeks after of the first ETT (T1, the time range is ±3 weeks), and 12 weeks after the first ETT (T2, the time range is ±6 weeks). ETT was performed with symptomlimited, modified Bruce protocol.
The following patients were excluded: (1) patients with recurrence of AMI or re-admission during phase II CR and patients with musculoskeletal problems such as paralysis (lesser than grade 3 in the manual muscle test) or severe pain (7 or higher in the visual analog scale); (2) patients with low risk factors on the risk classification (first ETT ≥7 MET max or left ventricle ejection fraction [LVEF] <50%); and (3) patients who did not undergo ETT at T0, T1, or T2. The time ranges of T1 were ±3 weeks and the time ranges of T2 were ±6 weeks; patients who underwent ETT outside these time ranges were excluded. Ultimately, 70 patients (54 men, 16 women) were included in this study. Patients older than 65 years were assigned to the elderly group (n=24) and the remaining patients were assigned to the younger group (n=46). This study was approved by the Chonnam National University Hospital Institutional Review Board (No. CNUH-2018-087). All patients chose to perform center-based or home-based phase II CR for 12 weeks (T0 to T2). The CR program was 3 days per week with one session per day at the CR center or the patient's home. A CR session consisted of a 10-minute warm-up exercise, 30 minutes of aerobic exercise, and 10 minutes for a cool-down exercise. The aerobic exercise intensity was based on the individual's target heart rate (HR) calculated by the Karvonen formula [(maximal HR -resting HR) × training% + resting HR] after ETT. We prescribed exercise intensity at 55%-70% for patients with a moderate risk and at 40%-55% for those www.e-arm.org with a severe risk. Patient who underwent home-based CR programs were checked by self-monitoring diaries, phone calls from staff, or exercise history records.
Study outcomes, such as exercise capacity (measured using MET max ), resting and maximal HR, resting systolic blood pressure (SBP), and total exercise time (TET), were measured at T0, T1, and T2. Resting HR and resting SBP were checked before ETT. MET max , maximal HR, and TET were checked during ETT. Before the ETT was performed, the underlying diseases, medication history, type of AMI, LVEF, and body mass index (BMI) were recorded.
Data were statistically analyzed with IBM SPSS Statistics version 19.0 (IBM Corp., Armonk, NY, USA). We used the paired t-test, independent t-test, and chi-square test to compare categorical variables including MET max , underlying diseases, medication history, type of AMI, LVEF, BMI, and more. For all statistical tests, a p-value less than 0.05 was considered significant. The changing ratio was also used in the analysis. The changing ratio is a statistical method that can be used to compare two groups with different initial values. The calculation method of chang-ing ratio is as follows. For example, the changing ratio of
.
RESULTS

Clinical characteristics of the study population
The clinical characteristics of the study population, including age, sex, LVEF, BMI, medication (such as betablocker usage), presence of hypertension, dyslipidemia, and diabetes mellitus, and coronary heart disease (CHD) types, are shown in Table 1 . The mean age of all patients was 60.1 years (elderly group, 72.8 years; younger group, 53.5 years). The maximum and minimum ages of the elderly group were 82 and 65 years, respectively, and those of the younger group were 63 and 37 years, respectively. The LVEF of all patients was 56.00% and that of the elderly and younger groups was 60.97% and 53.41%, respectively. When both groups were analyzed by the chi-square test, the types of CHD and medication, such as beta-blockers, angiotensin-converting enzyme inhibitors, and statins, were similar between the elderly and www.e-arm.org younger groups (p=0.507, p=0.936, p=0.244, and p=0.862, respectively). Additionally, the types of CR were similar between the elderly and younger groups (p=0.157). In the elderly group, 2 patients participated in the center-based CR, while the others participated in home-based CR. In the younger group, 10 patients participated in the centerbased CR and 36 patients participated in home-based CR. The younger group had more male patients than the elderly group (p=0.014). BMI (p=0.003) in the elderly group and LVEF (p=0.001) in the younger group were relatively low. However, there was no difference between the two groups in underlying disease except hypertension (p=0.041).
Comparison of effects on cardiopulmonary exercise capacity
We compared the effects of cardiopulmonary exercise capacity in each period, at T0, T1, and T2. The younger group showed higher values of MET max and TET at T0, T1, and T2 than the elderly group. At T0, MET max of the younger and elderly groups was 6.08±0.75 and 5.18±1.32, respectively (p=0.004), and TETs were 679.4±134.5 and 603.0±153.9, respectively (p=0.035). At T1, MET max and TET of the younger and elderly groups was 7.28±1.81 and 5.40±1.29 (p<0.001) and 775.0±148.4 and 603.2±206.1 (p=0.001), respectively. At T2, MET max and TET of the younger and elderly groups was 7.52±1.66 and 6.29±2.00 (p=0.008) and 780.8±160.4 and 649.4±204.2 (p=0.004), respectively ( Table 2 ).
The younger group showed improvement of MET max between T0 and T1. Baseline MET max of the younger group was 6.08±0.75 and 7.28±1.81 after 6 weeks (p<0.001) ( Table 3 ). However, the elderly group showed no significant improvement of MET max between T0 and T1. Baseline MET max of the elderly group was 5.18±1.32 and 5.40±1.29 after 6 weeks (p=0.455) ( Table 3) .
The exercise capacity (MET max ) of both groups showed improvement between T0 and T2. Baseline MET max of the younger group was 6.08±0.75 and 7.52±1.66 after 12 weeks. Baseline MET max of the elderly group was 5.18±1.32 and 6.29±2.00 after 12 weeks (younger group, p=0.001; elderly group, p=0.031) ( Table 3 ).
The changing ratio of MET max in the elderly and younger groups
The changing ratio was used to correct the initial values www.e-arm.org of both groups. The changing ratios of the elderly and younger group in MET max were as follows. Between T0 and T1, the MET max changing ratio of the elderly group and younger group was 13.72% and 19.84%, respectively. The changing ratio of the younger group was relatively larger than the elderly group. However, between T1 and T2, the MET max changing ratio of the elderly group was 18.22% and of the younger group was 5.54%. Unlike T0-T1, changing ratio of elderly group was relatively larger than younger group (Fig. 1 ).
DISCUSSION
McConnell et al. [1] compared changes in exercise capacity with age and found that maximal exercise capacity decreased with age, but the improvements achieved by CR were similar at all ages. According to Lavie et al. [2] , elderly patients (65 years and older) with cardiovascular disease who enrolled in CR had lower baseline exercise capacity but had significant improvements after CR. In .
www.e-arm.org this study, the duration of CR was 12 weeks. Lavie and Milani [4] also showed the beneficial effects of CR and exercise training in the elderly, including modest improvements in lipids, obesity indexes, behavioral characteristics, and quality-of-life parameters, and marked improvements in exercise capacity. The age related study from Lavie and Milani [12] showed elderly patients had a lower estimated aerobic capacity (−27%; p<0.001) and directly measured peak oxygen consumption (VO 2 ) (−19%; p< 0.01) before the initiation of CR. After CR, patients in the elderly cohort demonstrated significant improvements in estimated aerobic capacity (+32%; p<0.0001) and peak VO 2 (+13%; p<0.0001). According to Menezes et al. [13] , elderly patients had a lower estimated aerobic capacity and directly measured VO 2max . However, following CR, patients in the elderly cohort demonstrated significant improvements in estimated aerobic capacity and VO 2max . The review by Pasquali et al. [14] showed that, at baseline, elderly patients are significantly less fit, having lower measured (VO 2max , -19% to -30%) and estimated (MET max , -27% to -42%) exercise capacity than younger patients. Despite lower initial values, studies have shown significant improvements in VO 2max (+13% to +27%) and estimated exercise capacity (MET max , +32% to +43%) in elderly patients after CR.
In this study, we placed patients older than 65 years into the elderly group and the others were placed in the younger group. The clinical characteristics of both groups showed little differences. The younger group had more male patients than the elderly group (p=0.014). BMI (p=0.003) in the elderly group and LVEF (p=0.001) in the younger group were relatively low. CR effects did not show much difference between men and women [15] . LVEF (p=0.001) in the younger group was relatively low compared to the elderly group. Excluding the low risk patients, it is estimated that more patients with low ejection fraction were included.
We performed center-based or home-based CR for 12 weeks according to the patient's choice. Both groups participated in CR three times a week and once per day. One session consisted of a warm-up exercise (10 minutes), aerobic exercise (30 minutes), and a cool-down exercise (10 minutes). The aerobic exercise intensity for each individual was based on the target HR calculated by the Karvonen formula after ETT. Patients who selected center-based CR participated from 6 weeks (short participation) to 12 weeks. On average, the frequency of center-based CR was 1.6±0.8 times per week. On the days CR was not performed at the center, home-based CR was performed in parallel.
According to Anderson et al. [16] , there is no significant difference in exercise capacity outcomes for patients receiving home-based or center-based CR in the shortterm (3-12 months) . In this review, home-based CR is defined as a structured program with clear objectives for the participants, including monitoring, follow-up visits, and letters or phone calls from staff or self-monitoring diaries. In this study, patients who underwent homebased CR programs were checked by self-monitoring diaries, phone calls from staff, or exercise history recording.
Our study showed that MET max of the younger group improved between T0 and T1; on the contrary, MET max of the elderly group no significant improvement between T0 and T1. However, the exercise capacity of all groups showed improvement between T0 and T2. Moreover, the mean MET max of younger patients after 6 weeks of CR improved 6.08±0.75 to 7.28±1.81 compared to baseline, while the elderly patients only improved 5.18±1.32 to 5.40±1.29. However, after 12 weeks of CR, the mean MET max of younger patients was improved 6.08±0.75 to 7.52±1.66 and the mean MET max of elderly patients improved 5.18±1.32 to 6.29±2.00 compared to baseline.
Our reported MET max was smaller than that reported in previous studies. This result may be due to differences in patient groups. Previous study groups included the entire group regardless of risk factors. Our patient group excluded patients with low risk factors on the risk classification. Moreover, the total MET max was small because the experiment was only performed with patients with a MET max value of less than 7.
As in previous studies, our study revealed that CR is effective in elderly patients. Our study showed that the amount of recovery in the elderly group was relatively low compared to previous studies. This could be interpreted as a difference in the patient groups due to excluding patients with low risk factors as stated above.
The systematic literature review by Strid et al. [5] showed that long duration of CR could lead to higher physical activity and exercise. However, the exact duration of CR to improve exercise capacity in elderly patients has not been specifically discussed.
www.e-arm.org ETT at 6 and 12 weeks after CR confirmed the improvement in exercise capacity in the elderly and younger groups. There was a significant increase in exercise capacity after 12 weeks in elderly and younger patients, but no significant improvement in exercise capacity was observed after CR for 6 weeks in elderly patients.
The initial values of the two groups were different, so we checked the changing ratio for correction (Fig. 1) . The changing ratio of MET max in the younger patient group showed that the degree of recovery is mainly in the first 6 weeks, and the changing ratio of the elderly patient group showed a steady recovery in 12 weeks.
Our results suggest that the elderly patients should have a longer phase II CR duration than the younger ones to improve their exercise capacity. The duration of phase II CR in Europe is reported to average 8 weeks (3-14 weeks); when outpatient rehabilitation was performed the duration of phase II programs ranged from 7 to 26 weeks [10] . However, this study could be interpreted to demonstrate the duration of phase II programs in elderly AMI patients requires at least 6 weeks. Furthermore, we suggest that continuous aerobic exercise is needed during this period.
There are some limitations to our study. First, our study was a retrospective review. Therefore, the results have been influenced by the nature of observation. This study excluded patients with low risk factors to clarify the duration of phase II CR for patients with moderate to severe risk factors. Second, the sample size was relatively small. This could be influenced by patients' motivation, general conditions, and the cost of follow-up ETTs. Finally, our study was performed without distinction between center-based and home-based CR. We allowed patients to choose between center-based or home-based CR. Because of this, the exercise intensity, timing, or duration for each patient may not have been strictly controlled. In the case of the home-based CR, we used patients' self-exercise diaries, phone calls, or exercise history recordings. The actual adherence cannot exclude the bias that arises from dependence on the patient's memory or diary. It makes it difficult to quantify the CR program.
In future studies, it is necessary to determine the specific time of improvement by subdividing the follow-up timing. Additionally, quantification of exercise intensity and frequency of participation is needed. Furthermore, the addition of other types of exercise (strengthening or balance exercise) is worth considering.
In conclusion, AMI patients aged 65 years or older show improvement 12 weeks after completion of the first ETT. However, patients under 65 years of age saw improvement 6 weeks after completion of the first ETT, while patients over 65 took more than 6 weeks to show improvement. Therefore, people aged 65 years or older should be encouraged to participate in CR for a sufficient period of time (6 weeks or more).
